Singlet oxygen may mediate the ultraviolet A-induced synthesis of interstitial collagenase.
Singlet oxygen has been postulated to be generated by Ultraviolet (UV) A irradiation of mammalian cells. We studied the role of singlet oxygen in the downstream signaling of the complex UV response leading to the induction of matrix-metalloproteinase-1 (interstitial collagenase/MMP-1). Exposure of cultured human fibroblasts to singlet oxygen, generated in a dark reaction by thermodissociation of the endoperoxide of the disodium salt of 3,3'-(1,4-naphthylidene) dipropionate (NDPO2) induced collagenase mRNA steady state levels in a dose dependent manner. The increase in collagenase expression after singlet-oxygen exposure generated with 3 mM NDPO2 was equivalent to that observed with UVA at a dose rate of 200-300 kJ/m2 and developed in a similar time course. In contrast, mRNA levels of TIMP-1, the specific tissue inhibitor of metalloproteinases, remained unchanged. Indirect evidence for the role of singlet oxygen in the UVA induction of collagenase comes from studies using singlet oxygen enhancer or quencher. Accordingly, incubation in deuterium oxide, an enhancer of singlet-oxygen lifetime, led to an additional increase in steady-state levels of collagenase mRNA after exposure to NDPO2 or to UVA irradiation. In contrast, sodium azide, a potent quencher of singlet oxygen, almost totally abrogated the induction of collagenase after exposure of fibroblasts to NDPO2 or to UVA irradiation. Similar results were obtained in studies of the proteins by radioimmunoprecipitation of MMP-1 and TIMP-1 using specific antibodies. Collectively, our data provide circumstantial evidence that singlet oxygen mediates the UVA induction of collagenase in vitro, whereas it does not exert any effect on TIMP-1 synthesis. The unbalanced synthesis of interstitial collagenase may contribute to the connective tissue damage in vivo related to photoaging and other photocutaneous disorders.